Introduction {#sec0005}
============

Today, statistical data show that life expectancy is increasing among the population worldwide, with growing demands for improvements in quality of life. This has led to increases in the number of total knee arthroplasty (TKA) procedures and consequently greater numbers of revision operations.[@bib0005] Kurtz et al.[@bib0010] estimated that the number of revision surgery procedures in the United States will increase by 600% by 2030.

TKA revision involves complex procedures with high technical demands, in which appropriate bone deficiency manag ement becomes imperative in order to obtain satisfactory clinical results.[@bib0015], [@bib0020]

Obtaining a stable bone-implant interface, correct alignment of the components, proper balance of soft tissue tensions and maintenance of proper joint interline level are fundamental principles for success in these surgical procedures, which is only achieved through management of the bone deficiency.[@bib0025], [@bib0030], [@bib0035]

Bone defects may result from primary disease, the technique and implants used, the failure mechanism of the TKA or the difficulty in extracting fixed implants. The classification system of the Anderson Orthopedics Research Institute (AORI), as described by Engh and Parks,[@bib0040] is the system currently most used: type I presents intact metaphyseal bone; type II presents moderate metaphyseal deficiency in one (IIA) or two (IIB) femoral or tibial condyles; and type III has severe metaphyseal deficiency, with possible detachment of the collateral ligaments or the patellar ligament.[@bib0040], [@bib0045]

Bone defects cam be filled with methyl methacrylate or be managed by using modular metallic expanders, thicker polyethylene components or unconventional prostheses. In addition, autologous or homologous bone grafts, which may be spongy or structural, can also be used.[@bib0040], [@bib0045], [@bib0050], [@bib0055], [@bib0060] Nonetheless, the correct treatment for large defects remains undefined.

Structural bone grafts offer many advantages, which include biocompatibility, restoration of the bone stock and the potential for ligament reinsertion.[@bib0035], [@bib0065], [@bib0070] The main disadvantages include the possibility of bone reabsorption, probably secondary to the immune response;[@bib0070] the risk of fracturing or pseudarthrosis;[@bib0070], [@bib0075] and the possibility of disease transmission.[@bib0080]

The objective of the present study was to evaluate the clinical and radiographic results from patients who underwent TKA revision surgery using structural grafts.

Material and methods {#sec0010}
====================

Patients who underwent TKA revision surgery with use of structural grafts from a musculoskeletal tissue bank, at the Knee Surgery Center of the National Institute of Traumatology and Orthopedics (INTO), between January 2002 and December 2010, were evaluated.

Structural grafts were used in surgical procedures in which the bone deficiency presented could not be adequately treated by means of metallic expanders and were defined in accordance with concepts currently used in the literature.

Grafts were taken from the femoral or humeral head, the proximal third of the tibia or the distal third of the femur. All the specimens were conserved by means of ultra-freezing at -80° Celsius in the tissue bank of INTO.

All patients who underwent TKA revision surgery during the study period, in whom one or more specimens of homologous structural graft were used, were included in this study. The minimum postoperative follow-up period was 12 months.

Patients who received homologous structural grafting during surgical procedures other than TKA revision, and those in whom the bone grafting was done using autologous tissues or fragmented homologous tissues, were excluded. Likewise, patients who did not attend clinical and radiographic assessments, or for whom insufficient medical documentation was available, or who had not been followed up for a minimum of 12 months, were also excluded.

Through analysis on the medical documentation, data were gathered with regard to the location and AORI classification of the bone defect, type of homologous graft used and, if applicable, the fixation performed, along with data on the prosthetic implants used.

Postoperative clinical evaluations were conducted 15 days, one month, three months and one year after the procedure, and annually thereafter. Demographic data and information on the cause of the primary TKA, duration of the arthroplasty, failure mechanism of the TKA and presence of complications during the postoperative period were gathered.

Radiographic assessments were conducted through sequential examinations in the anteroposterior and lateral views with the knee flexed at 30°. The number, location and width of radiolucency lines at the bone-prosthesis interface were measured in accordance with the criteria of the Knee Society.[@bib0085] The existence of osteolysis, pseudarthrosis, fractures, graft reabsorption and subsidence or migration of the prosthetic components was documented.

Absorption of part or all of the graft was evaluated in accordance with the criteria defined by Clatworthy et al.:[@bib0035] mild reabsorption -- partial loss of thickness of one cortex with a length of less than 1 cm; moderate -- partial loss of thickness of one cortex with a length of more than 1 cm; and severe -- complete loss of thickness of one cortex, of any length.

To evaluate quality of life and functional capacity, the previously validated Short Form 36 (SF-36)[@bib0090] and Western Ontario and McMaster Universities (WOMAC)[@bib0095] questionnaires were used, respectively.

The SF-3618 analysis was divided into the following items: functional capacity, limitation due to physical aspects, pain, general state of health, vitality, social aspects, emotional aspects and mental health.

This study was submitted for appraisal to and approved by the Research Ethics Committee of the National Institute of Traumatology and Orthopedics and was conducted at INTO\'s Knee Surgery Center.

Results {#sec0015}
=======

Twenty-six cases of revision arthroplasty using homologous structural bone grafting, in 25 patients, were included in this study.

Clinical evaluation {#sec0020}
===================

Eighteen patients were female and nine were male. Their ages ranged from 46 to 83 years, with a mean of 70. The surgery was performed on the right side in 14 patients and on the left side in 12. Knee osteoarthrosis was the most prevalent diagnosis for performing the primary surgery, and this accounted for 85% of the cases. Rheumatoid arthritis was the diagnosis for 7.5% and post-traumatic arthrosis for 7.5%.

The mean length of postoperative follow-up was 55 months, with a minimum of 18 and maximum of 114 months.

Failure of the primary arthroplasty occurred after a mean of 7.8 years and ranged from 5 months to 13 years.

Aseptic loosening was the commonest failure mechanism, and this occurred in 11 cases (42%). Infection was the cause of the revision with homologous grafting in eight patients (31%). Periprosthetic fracturing occurred in six cases (23%). Post- prosthesis instability was the cause of revision in one patient (4%) ([Table 1](#tbl0005){ref-type="table"}).Table 1Evaluation of the surgical data on patients who underwent homologous grafting within knee revision arthroplasty.PatientTKA failure mechanism JDuration (years)AORIGraftFixation1aseptic loosening12IIAhumeral headImpaction2infection2IIBdistal femurImpaction3aseptic loosening10IIBproximal tibiaImpaction4aseptic loosening10IIAdistal femurImpaction5periprosthetic fracturing7IIBdistal femurScrew6infection2IIBhumeral headImpaction7aseptic loosening12IIBproximal tibiaImpaction8infection8IIBfemoral headK-wire9infection13IIBdistal femurK-wire10aseptic loosening12IIBproximal tibiaK-wire11infection0,5IIAfemoral headScrew12instability12IIIproximal tibiaImpaction13aseptic loosening12IIBdistal femur + proximal tibiaImpaction13aseptic loosening12IIBdistal femurScrew14periprosthetic fracturing10IIAdistal femurImpaction15aseptic loosening9IIAfemoral headScrew16aseptic loosening6IIBfemoral head + humeral headK-wire17infection4IIAfemoral headImpaction18periprosthetic fracturing5IIBproximal tibiaImpaction19infection3IIBdistal femurImpaction20infection3IIIfemoral headImpaction21aseptic loosening9IIBdistal femurImpaction22periprosthetic fracturing6IIAfemoral head + proximal tibiaScrew23periprosthetic fracturing12IIAproximal tibiaImpaction24periprosthetic fracturing9IIBdistal femurImpaction25periprosthetic fracturing4IIBdistal femur + proximal tibiaImpaction[^1]

In 25 patients, revision implants from the Total Condylar 3® (TC 3) system (DePuy Inc., Warsaw, IN, USA) were used. In one patient, revision implants from the Coordinate® system (DePuy Inc.) were used. In all the cases, intramedullary nails were used, with the hybrid cementation technique. In 23 procedures, metallic expansion wedges were used in the femur, while in 11 patients, metallic wedges were used in the tibia.

During the 24 revision surgery procedures, we noted the presence of tibial bone defects: in 22 cases in the medial plateau and in 16 cases, lateral defects.

Bone defects in the femur were observed in 24 patients. In 23 procedures, bone deficiencies were seen in the posterior region of the condyles and in 16 cases there were bone defects in the lateral condyle and in 14 in the medial condyle.

The bone defects observed were classified (AORI) as II B in 16 patients (61.5%), II A in eight cases (30.5%) and III in two individuals (8%).

Thirty-four structural specimens were used for homologous grafting during the 26 surgical procedures studied ([Fig. 1](#fig0005){ref-type="fig"}). The proximal third of the tibia and the distal third of the femur were the specimens most frequently used, and were implanted in 11 procedures each (32%). The bone defects were managed using homologous femoral head grafts in nine revisions (27%). Humeral head grafts were necessary in three cases (9%).Figure 1Segmental structural graft from proximal tibia: during surgical procedure.

The graft fixation was achieved by means of bone impaction in 17 patients (65%), without the need for supplementary fixation. Cortical screws were used in five patients (19%) and Kirschner wires were necessary in four revisions (16%).

Complications and reoperations {#sec0025}
------------------------------

Six patients developed deep infection, which in one cases was associated with lesions of the extensor mechanism. Only one of these patients was characterized as a case of recurrence of infection (reinfection).

Arthrodesis, as a limb salvage measure, was performed with satisfactory results in two cases of acute infection that was refractory to venous antimicrobial treatment and serial dressings.

In two patients, transfemoral amputation was necessary. In one patient, resection arthroplasty was performed. In another case, after two surgical dressings and suppression using venous antibiotic therapy, the patient then evolved without symptoms up to the present time.

One patient presented extensive cutaneous necrosis with the need to provide coverage, using a muscle flap. This was done without development of infection.

Another patient presented a voluminous hematoma that required a surgical approach for drainage.

So far, none of the patients has required any surgery for revision of the components.

Quality-of-life assessment {#sec0030}
--------------------------

The WOMAC and SF-36 questionnaires were used to evaluate 20 of the procedures. Patients whose implants and grafts were removed because of infection and one patient who died from causes unrelated to the surgery (14 months after the grafting) were excluded from this analysis. The results are presented in [Table 2](#tbl0010){ref-type="table"}.Table 2Mean functional evaluation on 20 of the 26 patients who underwent homologous grafting for knee revision arthroplasty.WOMAC24.9078.1SF-36 Functional capacity5.51095SF-36 Limitation due to physical aspects51.40100SF-36 Pain6310100SF-36 General state of health72.825100SF-36 Vitality75.625100SF-36 Social aspects72.225100SF-36 Emotional aspects870100SF-36 Mental health70.928100

Radiographic evaluation {#sec0035}
-----------------------

Radiographic evaluations were performed on 21 TKA revision procedures, among which one patient underwent bilateral surgery. Five patients were excluded from the radiographic analysis because of postoperative complications (infection) that gave rise to loss of the implants and grafts.

Radiolucency lines were observed in eight patients (31%). Concordant with the criteria of the Knee Society,[@bib0085] the commonest location was the medial tibial plateau (zone 1), which was found in five patients. Radiolucency lines were also found in the lateral tibial plateau (zone 3) in three patients; at the tip of the tibial nail (zone 6) in one patient; and at the medial tibial nail (zone 5) in one patient. In the femur, only one patient presented radiolucency lines, which occurred around the femoral nail. None of the cases showed the criteria of implant loosening.

In accordance with the criteria defined by Clatworthy et al.,[@bib0035] graft reabsorption occurred in three patients (12%). In two cases, this occurred to a moderate extent, in the femur in both cases: one in the medial condyle, where a structural graft from the distal femur had been used; and the other in the lateral condyle, where a graft originating from the proximal third of the humerus had been used. In one graft in the medial tibial plateau, we observed mild absorption; this case received a homologous graft from the distal femur.

In the series analyzed here, no cases of osteolysis or component migration of subsidence were observed. In one case, a segmental graft from the distal femur in a patient with rheumatoid arthritis evolved with nonunion, but without fracturing or loss of weight-bearing capacity ([Fig. 2](#fig0010){ref-type="fig"}).Figure 2Before and after TKA revision procedure using structural graft.

Discussion {#sec0040}
==========

Bone deficiency within the scenario of complex TKA revision surgery represents an enormous technical challenge with regard to obtaining a stable support surface for implanting prosthetic components and, consequently with regard to the durability and results of the surgery.

Use of structural grafts from tissue banks is an option for managing bone deficiencies in joint reconstruction surgery. However, the effectiveness of maintaining this structure as support over the long term has been questioned, along with the possibility of high rates of infection.

In 1992, Tsahakis et al.[@bib0100] published a study that demonstrated three cases of mechanical failure after using segmental structural grafts. On the other hand, they highlighted that the bone stock was improved. In 1994, the same authors[@bib0105] studied 21 patients who received structural grafts, with a mean follow-up of 42 months, and they noted that incorporation occurred in all the cases.

In the series reported by Mnaymneh et al.,[@bib0070] 14 specimens of homologous structural graft were used in 10 patients, with a mean follow-up of 40 months, and they found that graft incorporation occurred in 86% of the cases. When analyzed in more detail, the grafts used in tibial defects were found to have become incorporated in all the cases, but only 70% of the femoral grafts presented consolidation.

Dorr et al.[@bib0110] studied 24 cases of revisions of primary prostheses using structural grafts, and found that union without collapse occurred in 92% of the patients. They therefore recommended that structural grafts should be used preferentially when there are defects larger than 50% of the femoral plateau or condyle. Dennis13 evaluated 30 patients who received segmental structural grafts, with 50 months of follow-up and found results classified as good or excellent in 86% of the cases. These data were corroborated by the series of Engh et al.,[@bib0030] in which the structural graft most used was the femoral head; these authors presented good or excellent results corresponding to 87% of the patients. Ghazavi et al.[@bib0115] presented a more modest success rate of around 77%, in a medium-term analysis.

In the largest series published, Clatworthy et al.[@bib0035] evaluated 66 graft specimens that were used in 52 TKA revision surgical procedures and reported a five-year success rate of 92% and a 10-year rate of 72%. However, they highlighted that revision was needed for 23% of the cases after 71 months, among which 8% were because of infection and 8% because of failure due to graft reabsorption.

In our series, five patients evolved with failure and necessity to remove the implants and grafts because of infection. In none of these cases was recurrence of previous infection characterized. In another case, the patient evolved with the criteria of cured infection, and the implants and graft were kept in place after treatment with venous antibiotic therapy and serial dressings.

One patient who received a segmental distal femoral graft evolved with nonunion, but no reabsorption, collapse or fracturing of the graft was observed, and also there were no mechanical complications. In two other cases, we observed moderate reabsorption of the grafting in the distal femur and in another patient, we noted mild reabsorption in a femoral graft placed in the tibia. These data are concordant with what was presented by Mnaymneh et al.,[@bib0070] in which all the grafts placed in the tibia presented incorporation, while only 70% of the femoral grafts became consolidated.

Graft fracturing was described in two cases among the series of 23 patients of Stokley et al.[@bib0120] In the study by Clatworthy et al.,[@bib0035] 8% of the revisions failed because of graft reabsorption. In our study, we did not identify these complications or failures of arthroplasty relating to the graft. All the complications were caused by deep infection. In the single case of non-incorporation, we noted that the support function of the graft was maintained.

Tsahakis et al.[@bib0105] did not report any occurrences of infectious complications after using homologous grafts in 15 TKA revision procedures. Septic failure was observed in three cases.

Mnaymneh et al.[@bib0070] found that the failure rate due to infection was 7%.

In the series analyzed by Stokley et al.,[@bib0120] infection occurred in 13% of the patients and, of these, one patient evolved to limb amputation. In our sample, the infection rate was 23% and two patients evolved to transfemoral amputation, two to arthrodesis and one to resection arthroplasty.

The cases of amputation resulting from incurable infection occurred in patients who had received segmental structural grafts (complete specimens from the proximal tibia).

We also highlight that in our sample, we did not see any cases of recurrence of infection in patients who had received a graft during the second stage of septic revision, and this finding was shared by Lord et al.[@bib0125]

Final remarks {#sec0045}
=============

In our sample, we did not observe any mechanical failures. There was only one case in which incorporation did not occur, and even so, the surgical result was not compromised. In all the cases, the grafts presented preserved weight-bearing function, without any occurrence of fracturing or loosening of components.

The main complication presented in the study group was infection, which occurred in 23% of the cases. Most of these cases evolved with implant loss and limited results.

Bone grafts from a musculoskeletal tissue bank form an option for managing bone failure within the scenario of TKA revision. However, studies with larger numbers of cases and longer follow-up are necessary.
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[^1]: AORI, classification system of the Anderson Orthopedics Research Institute; TKA, total knee arthroplasty.
